Photopolymer
systems relying on the photochemical liberation of a basic species [1] [2] [3] [4] have received far less attention probably due to relatively low quantum yields of photobase photogeneration, leading to the low photosensitivity.
We have proposed recently the concept of base proliferations to improve the photosensitivity of photopolymer systems utilizing base-catalyzed reactions. [5] [6] [7] The concept involves base-catalyzed decompositions of organic compounds referred to as base amplifiers which display autocatalytic fragmentations to give rise to aliphatic amines with a basicity strong enough to lead to the decomposition of parent molecules in a non-linear manner.
The non-linear behavior of the base amplifiers is similar to that of acid amplifiers [8] [9] [10] which had been proposed in our laboratory. The addition of 1,3-bis[ l -(9-fluorenylmethoxycarbonyl)-4-piperidyl]propane (1) as a base amplifier liberating the corresponding secondary amine to an epoxy polymer sensitized with a photobase generator resulted in the enhancement of photoinduced insolubilization of the epoxy polymer to some extent. [7] It is anticipated that a primary amine generated from a base amplifier is a preferable crosslinker for epoxy resins because of its higher reactivity toward epoxy groups when compared with a secondary amine. Our primary concern in this report is with providing novel base amplifiers to proliferate aliphatic primary amines in order to improve efficiency of photoinduced insolubilization of an epoxy polymer as a curing material.
We prepared 1-(9-fluorenylmethoxycarbonyl)cyclohexylamine (2) to proliferate the primary amine.
The carbamate 2 was synthesized according to the literature. [ 11 ] It was confirmed that 2 demonstrates the ~3-elimination to release cyclohexylamine in the presence of a catalytic amount of the same amine at 100 °C in a 1,4-dioxane-d8 solution according to the process shown in Scheme 1, indicating that the decomposition of 2 proceeds autocatalytically.
To examine the effect of the base amplifier on the improvement of photosensitivity of a photocurable material, the base amplifier was coupled with poly(glycidyl methacrylate) (PGMA) [12] 6 diamine (4) to generate 1,6-diaminohexane was used here as a base amplifier, taking note of that 1,6-diaminohexane is expected to be an efficient crosslinker of epoxy polymers because of the double reactivity of each terminal primary amino group with epoxy residues. A photopolymer solution was prepared by dissolving PGMA (0.08 g I 1 mL), 3 (10 wt% relative to the polymer), and 4 (9 wt% relative to the polymer) in 1,1,1,3,3,3 hexafluoro-2-propanol.
The solution was spincoated on silicon wafers and baked at 110 °C for 60 sec to give thin films of 1.1 hum in thickness. The films were exposed to UV light, followed by heating at 110 °C for 15 min to be subjected to the development with 2-methoxyethyl acetate. The thickness of residual films was measured to illustrate photosensitivity curves.
The photosensitivity is defined as the irradiation time required for the reduction of normalized thickness by half. As shown in Fig. 1 , the addition of 9 wt% of 4 to PGMA/3 system resulted in the marked improvement of photosensitivity by a factor of 50. The results suggest that the proliferation of aliphatic primary amines takes place in the polymer film to enhance the insolubilization of the epoxy polymer. The degree of sensitivity enhancement is much larger than that of PGMA/3 system doped with previous base amplifier 1 which releases a secondary amine. The degree of sensitivity enhancement was only 4 times when 20 wt% of 1 was added to the system. [7] The difference in the ability of sensitivity enhancement between 1 and 4 results from the reactivity of amines proliferated from the base amplifiers; hence, the reactivity of primary amines generated from 4 toward epoxy groups is higher than that of secondary amines generated from 1.
In summary, we demonstrated the autocatalytic fragmentation of the base amplifier 2 to proliferate aliphatic primary amines. The addition of the base amplifier 4 to generate 1,6-diaminohexane resulted in the marked enhancement of photosensitivity of a photocuring material based on PGMA sensitized with a Fig. 1 . Photosensitivity curves of films of PGMA containing 10 wt% of the photobase generator (3) in the absence of (U) and in the presence of 9 wt% of 4(4).
